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Abstract 
Heat exchangers find use in several applications such as in automobiles, refrigeration, air conditioning, and water treatment 
plants. Radiators are a class of heat exchangers in which heat transfer occurs by means of air flowing across a series of finned 
tubes, eventually decreasing the temperature of the fluid to be cooled. The energy crises of recent times have necessitated 
improved heat transfer rates and at the same time the need for making heat exchangers smaller and more energy efficient. A 
simple modification has been carried out in the existing configuration of radiators, with a view to improve its efficiency and has 
resulted in the development of a compact spiral radiator against a standard air cooled fin and tube radiators used commonly 
especially in automobiles. In this configuration, water flows through spiral tubes, which are fitted with circumferential fins and 
air flows across the tubes for bringing about heat transfer.A numerical investigation has been carried out on the spiral radiator to 
study flow characteristics and thermal performance by means of local element by element analysis utilizing ε-NTU method. 
Experiments were performed and the results after comparison with the theoretical values were found to be promising. From the 
experimental data, a correlation among the important dimensionless numbers has been obtained using GARCH tool.  
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1. Introduction 
Over the recent years, various configurations of heat exchangers have been developed with a view of maximizing 
the heat transfer rates and reducing the effective space occupied by it. One such configuration involves fluids 
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flowing in a spiral path. The spiral path can either be a helix or a coil of bent tubes. Spiral heat exchangers find a lot 
of application in preheating, reheating, pasteurization of fluids etc. Apart from these applications, heat exchangers 
with spiral profile can emerge as a suitable alternative to existing class of radiators, widely used in refrigeration, air 
conditioning and automobiles. This can be attributed to the fact that the spiral profile makes more effective 
utilization of air flow area ofthe fan, as the circular profile of the spiral more closely matches the circular air flow 
area of the fan. In addition, spiral heat exchangers also possess certain inherent advantages. Spiral heat exchangers 
are more compact and have lesser space requirements than other types of heat exchangers.Furthermore, spiral profile 
produces lower pressure drop and requires lesser pumping energy compared to other heat exchangers for same 
capacity, have self- cleansing ability, as the spiral path causes localized increase in drag force over fouled surface, 
dislodging any sludge formed. Naphon and Wongwises [1] studied the heat transfer characteristics of spiral coil heat 
exchanger under wet surface conditions where a factor of humidity was taken into account. They had used a 9.27mm 
diameter straight copper tube, bent into a spiral coil of 5 turns, with air and water being used as the two fluids for 
heat transfer and 6 such coils being stacked one behind the other. The researchers concluded that the mass flow rate 
of air and air inlet temperature play a role in affecting heat transfer characteristics such as outlet temperatures, whilst 
an increase in water flow  rate caused a decrease in outlet temperatures. Poon et al [2] patented a spiral engine oil 
cooler for commercial vehicles, which incorporated a series of spiral plates surrounding a tubular oil filter, allowing 
oil to flow in a spiral manner. Bosch and Haasch [3] patented a spiral finned tube heat exchanger for the purpose of 
oil cooling. Their invention consists of a pair of juxtaposed tubes, forming concentric passages for fluid flow. The 
fluids enter and leave the heat exchanger through inlet and outlet located peripherally. Their invention has superior 
heat transfer rates, and better antifouling capabilities. Dobbs et al [4] patented a swirl type heat exchanger in which 
one of the fluid flows in reverse spiral flow configuration, while other fluid flows across it, in a cross flow 
configuration. This configuration, allows for easier accessibility and mounting of the runners supplying the fluids. 
Their invention also consists of a series of such configurations stacked one behind the other, improving the heat 
transfer rate. 
While several methods are available for designing and simulating such heat exchanger, a novel method for 
designing the same was adopted by Bidabadi et al. [5]. They used an optimization technique known as Genetic 
Algorithm (GA) for spiral heat exchangers. This technique was used to obtain the geometrical parameters which 
lead to minimum pressure drop and maximum heat transfer. An elemental approach can also be adopted for 
numerical simulation. This is a control volume approach in which the entire spiral is divided into a large number of 
small elements, each being treated as individual control volume. Characteristics such as heat loss, temperature 
difference, pressure drop are evaluated for each small control volume and then summed up, after iterative methods, 
to calculate the same for the entire heat exchanger. Such an approach was adopted by Naphon and Wongwises [6,7] 
for numerical simulation of the spiral configuration. In addition to it, they have also developed correlations for 
studying the average heat drop characteristics for spiral heat exchangers under dehumidifying and humidifying 
conditions. 
Bhavsar et al [8] analysed the performance of a spiral tube heat exchanger, in comparison with shell and tube 
heat exchanger. Their optimized spiral design revealed that, heat transfer is enhanced compared to the shell and tube 
heat exchanger. Their studies also revealed that fluid, in a spiral tends to be more turbulent, at a lower velocity, thus 
helping in producing more drag forces and hence eliminating sludge formation.  
This paper discusses the results of both numerical and experimental studies carried out on a spiral radiator fitted 
with circumferential fins. The fabricated radiator consists of two parallel spiral coils brazed centrally. On to the 
periphery, a large number of circumferential fins have been fitted, aiding in increased heat transfer. Characteristics 
such as temperature, pressure drop of water were determined, for different flow rates of water. These characteristics 
were used to deduce the dimensionless numbers like Reynolds number, Nusselt number, Prandtl number using 
MATLAB. An empirical correlation was developed between the non-dimensional quantities, for the configuration. 
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Nomenclature      Subscripts 
v velocity of water, m/s     a air 
d inner diameter of spiral tube,m    i inlet 
D outer diameter of spiral tube,m    o out 
Re Reynolds Number     min minimum 
Nu Nusselt Number      max maximum 
Pr Prandtl Number      
Cp specific heat at constant pressure, kJ/kg/K    
m mass flow rate, kg/s      
K thermal conductivity, W/m/K    
h heat transfer coefficient, W/m2K    
j Colburn factor           
NTU number of transfer units     
fin fin surface efficiency      
U overall heat transfer coefficient,W/m2K    
C heat capacity      
Eff fin effectiveness 
 
2. Experimental Setup 
 
                                                 Fig.1 Spiral coiled Copper tube fitted with Circumferential Aluminium fins           
 
The experimental setup comprises of a spiral heat exchanger fabricated from soft annealed copper tubes wound into 
two spiral coils, each of which is brazed together at the center and arranged one behind the other such that air can 
effectively pass through both the coils. Circumferential Aluminium fins are press fitted over the spirally wound 
copper tubes at uniform spacing.  
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Fig.2 Schematic of Experimental Setup 
 
The heat exchanger is mounted on a fixture and air is allowed to pass across the heat exchanger by means of a 
blower. Air flow is measured using a digital vane type anemometer and its temperature before and after passing 
across the spiral heat exchanger is measured by a digital thermometer. The second fluid (hot water) circuit consists 
of a centrifugal regenerative pump, electrical heater, rota-meter and flow control valves. Water is heated by means 
of the electrical heater and regulated to appropriate flow rate with a rota-meter and a flow control valve. 
Temperature of water is measured at the inlet and outlet of the heat exchanger using a thermocouple inserted into the 
tubing. 
 
3. Experimental Procedure 
 
The flow rate of the water entering the inlet of the spiral heat exchanger was varied by controlling flow control valve 
corresponding to the level of water in the rota-meter. Sufficient time was provided for the achievement of steady 
state conditions after the heater was switched on. The temperature of water at spiral inlet was maintained at 80qC 
and the outlet temperature was measured using a thermocouple. The velocity of air blowing across the spiral heat 
exchanger was determined using vane type digital anemometer. The rise in the temperature of the air across the 
spiral heat exchanger was determined using a digital thermometer. The experiment was repeated for various flow 
rates from 75 lph to 225 lph. The heat transferred by cooling water was determined for various flow rates using the 
experimental data obtained and a comparison was made with the results obtained from numerical simulation. A 
correlation between various dimensionless numbers was developed using Generalized Autoregressive Conditional 
Heteroskedasticity in MATLAB. 
 
4. Numerical Methodology 
 
Numerical analysis was performed in Matlab by adopting a local element by element approach utilizing ε-NTU 
method. In this approach, the entire spiral is divided into a large number of elements, along its length, such that the 
outlet conditions for one element are the inlet for the next element. Various parameters such as inlet and outlet 
temperatures of fluids, effectiveness, heat drop, heat transfer coefficients and pressure drop are calculated for every 
element. Finally, the heat drop, temperature variations for the entire spiral is computed by adding the individual 
parameters for each element. To determine the heat transfer coefficient of radiator the spiral profile should be 
accounted. A correlation between Colburn factor ‘j’ developed by Naphon and Wongwises [1] was used in the 
numerical studies.  
 
j = 0.1358(Rea
-0.318) (1) 
 
ܩ௠௔௫ ൌ ݉ܽܯܨܣ        (2) 
 
݄௔ ൌ ଵ଴଴଻Ǥ௝Ǥீ೘ೌೣ଴Ǥ଻ଵబǤలల          (3) 
 
where MFA is the maximum flow area available for air to flow through the radiator, using which the heat transfer 
coefficient of air has been determined. 
To determine the outer temperature of spiral radiator using only the inlet conditions, ε -NTU method is employed.  
 
ܧ݂݂ ൌ ଵభ
భష೐షಿ೅ೆା
಴ೝ
భష೐షሺಿ೅ೆǤ಴ೝሻା
భ
ಿ೅ೆ
        (4) 
 
Q= ܧ݂݂Ǥ ܥ௠௜௡Ǥ ሺ ௪ܶ௜ െ ௔ܶ௜ሻ         (5) 
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௪ܶ௢ ൌ ௪ܶ௜ െ ൬ ொ௠ೢǤ஼೛ೢ൰          (6) 
5. Results and Discussions 
 
Experiments were conducted on the heat exchanger, by maintaining a constant inlet temperature of 80˚C. During the 
experiments, the flow rates of water were varied from 75 to 225lph and the outlet water temperature was recorded 
for the various flow rates. The results were then tabulated and graphs were plotted between various parameters.An 
increasing trend can be observed from Fig.3 because when the volume flow rate increases, the time available for 
heat transfer decreases due to which the temperature drop across the spiral ends decreases. The experimental results 
are found to be within an average deviation of 3.38% from the numerical results. A similar trend is observed in Fig.4 
because with the increase in volume flow rate there is dip in temperature drop which is compensated by the 
significant increase in mass flow rate. There is an average deviation of 20.18% when the experimental values were 
compared against the numerical values. This variation could be attributed to the variation in correlation used for 
Nusseltnumber for numerical results with theNusselt number calculated experimentally. 
 
 
Fig.3 Outlet Water Temperature vs Volume Flow Rate                               Fig.4 Heat Transfer vs Volume Flow Rate 
 
It can be seen form Fig.5 that there is a steep rise in Nusselt number with increase in Reynolds number however on 
further increase in Reynolds number the rise is found to be less profound. Fig 6 shows that the Effectiveness 
decreases with increase in Reynolds number.  This is attributed to the fact that at increased flow rates, while there is 
an increase in Reynolds number, an increase in heat capacity of water is also observed, which in turn, causes a 
decrease in effectiveness, despite increase in heat lost. 
Fig.7 shows the relationship between Overall Heat Transfer Coefficient and LMTD. It is observed that with increase 
in overall heat transfer coefficient the trend shows an increase in LMTD because the increase in the heat transfer rate 
is more significant than the increase in LMTD.Fig.8 compares the outlet temperature of water for spiral profile and 
the multipass radiator profile similar to those used in HVAC applications [9], for various volume flow rates. The 
spiral profile had an average temperature drop of 6˚C more than that of the multipass radiator profile. 
A regression technique using Generalized Autoregressive Conditional Heteroskedasticity (GARCH) tool box in 
MATLAB is employed to find out the coefficients in the generic form of the correlation. The correlation is as 
follows: 
ܰݑ ൌ ܿͳǤ ܴ݁௖ଶǤ ܲݎ௖ଷ                   (7) 
Where c1=1.707, c2=.0876 and c3=1.749. 
The above equation is valid for fully developed turbulent flow. 
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Fig.5Nusselt Number vsReynold’s Number                       Fig.6 Effectiveness vsReynold’s Number 
 
 
Fig.7 Overall Heat Transfer Coefficient vs LMTD                           Fig.8 Outlet Water Temperature vs Volume Flow Rate 
 
 
Fig.9 Experimental Nusselt Number vs Correlated Nusselt Number 
 
The central plot in Fig.9 presents the variation of the Nusseltnumber obtained through the correlation with that 
obtained experimentally. The plots on either side of it represent a ± 10% variation of theNusselt number obtained 
through correlation with the experimental value. The points correspond to the experimentally obtained values of the 
Nusselt number. It is evident that the experimental values of Nusselt number lie within the ± 10% variation of those 
obtained through the correlation. 
 
5. Conclusion 
 
Experimental investigations were carried out on the fabricated spiral radiator, with circumferential aluminium fins. 
Numerical studies were also performed on the radiator. Characteristics  associated with heat exchangers namely heat 
transfer rate, non-dimensional numbers such as Reynolds number, Nusselt number, effectiveness, overall heat 
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transfer coefficient, log mean temperature difference were studied. The experimental results were verified with 
numerical simulations and were found to be in fair agreement with each other, with adeviation of 3.38% being 
observed in outlet temperatures. The outlet temperature was found to increase with increase in volume flow rate of 
water. It was found that the Nusselt number increases rapidly with Reynolds number initially. However on further 
increase of Reynolds number, theNusselt number is found to be fairly constant. A correlation between 
Nusseltnumber, Prandtl number and Reynold’s number was developed using Generalized Autoregressive 
Conditional Heteroskedasticity (GARCH) tool box in MATLAB. The experimental results were found to have a 
deviation within 10% with the values from the correlation. Further, the numerical simulation was also performed to 
validate the performance of the developed radiator with a multipass cross flow radiator, similar to the type being 
used in HVAC applications. An improved temperature drop was observed for spiral configuration when compared to 
multipass radiator configuration for the same water inlet temperature of 80˚C. 
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